The critical role played by stroma-epithelium crosstalk in carcinogenesis and progression of prostate cancer has been increasingly recognized. These interactions are mediated by a variety of paracrine factors secreted by cancer cells and/or stromal cells. In human prostate cancer, reactive stroma is characterized by an increase in myofibroblasts and a corresponding amplification of extracellular matrix production and angiogenesis. Permanent genetic mutations have been reported in stromal cells as well as in tumour cells. Transforming growth factor-b, vascular endothelial growth factor, platelet-derived growth factor and fibroblast growth factor signalling pathways are involved in the process of angiogenesis, whereas hepatocyte growth factor, insulin-like growth factor-1, epidermal growth factor, CXC12 and Interleukin-6 play active roles in the progression, androgen-independent conversion and distal metastasis of prostate cancer. Some soluble factors have reciprocal interactions with androgens and the androgen receptor (AR), and can even activate AR in the absence of the androgen ligand. In this article, we review the complex interactions between cancer cells and the surrounding microenvironment, and discuss the potential therapeutic targets in the stromal compartment of prostate cancer.
Introduction
Carcinomas that originate from the epithelia are the most common type of human cancer. In cancer tissue, following epithelial changes, the surrounding stroma is inevitably modified by cancer cell-derived cytokines, such as transforming growth factor-b (TGF-b). These modifications drive the emergence of the characteristic reactive stroma, which promotes the invasive and metastatic properties of cancer. Carcinoma-reactive stromal tissues include non-epithelial cells such as fibroblasts, inflammatory cells (lymphocytes, macrophages and mast cells) and vasculature-related cells (endothelial cells, pericytes and smooth muscle cells). These modified stromal cells secrete extracellular matrix (ECM) proteins and soluble factors, which in turn play important roles in carcinoma development, as they not only permit but also induce the initiation and progression of certain carcinomas [1] [2] [3] [4] .
Prostate cancer is the most common malignancy in men in the USA and the second leading cause of cancerrelated deaths. In 2007, the estimated number of new cases in the USA was 218 890, accounting for 29% of all new cancer cases in men. The estimated number of deaths in the same period was 27 050, representing 9% of all cancerrelated deaths in men [5] . Clinically undetec table, though histologically evident, prostate cancers are thought to be even more common, so that the advancement of prostate cancers from undetectable to clinically positive states, as well as from androgen-sensitive to androgen-independent conditions is of clear importance. The mechanisms npg underlying these activities are not fully understood. Several research groups have recently focused on the role of reactive stroma in the progression and metastasis of prostate cancer, and more and more data show that a dynamic interaction between stroma and epithelia plays a critical role in this procession [6] [7] [8] [9] .
The prostate is a tubulo-alveolar gland composed of epithelial tissues embedded in stromal components. The main cell types in the prostate stroma include fibroblasts, myofibroblasts and smooth muscle cells. These stromal cells secrete growth factors, produce ECM, and express andro gen receptor (AR), estrogen receptor, adrenergic receptor and 5-a reductase. Fibroblasts express vimentin and laminin, whereas smooth muscle cells express desmin, a-actin, calponin, caldesmon, myosin, smoothelin and dystrophin, and myofibroblasts characteristically express procollagen-1 [10] .
Reactive stroma in prostate cancer tissue is characterized by an increase in myofibroblasts and fibroblasts, with a significant decrease or loss of smooth muscle cells as pros tate cancer progresses. Loss of normal tissue archi tecture, angiogenesis, nuclear atypia and genetic altera tions also occur throughout this process. This altered stroma microenvironment may permit or initiate mechanisms that would allow a histologic cancer to escape from immunosurveillance or a hormone-sensitive cancer to escape from hormonal control, leading to an androgenindependent cancer and disease progression [11, 12] .
In this review, we will discuss the reciprocal interactions between stroma cells and epithelial cells in the initiation and progression of prostate cancer.
Stroma-epithelia interactions in prostate cancer
In 2003, De Wever and Mareel [11] proposed two closely interactive pathways in their model of the crosstalk between cancer cells and stromal tissue, namely the efferent and afferent pathways. In the efferent pathway, cancer cells trigger a reactive response in the stroma by releasing soluble factors such as TGF-b and platelet-derived growth factor (PDGF). These factors can directly or indirectly transdifferentiate fibroblasts into myofibroblasts or induce epithelialmesenchymal transition (EMT) in the surrounding cancerassociated stroma, resulting in cells that exhibit increased expression of vimentin, unchanged levels of smooth muscle α-actin and decreased expression of calponin, which together constitute the characteristic myofibroblast phenotype [13] . Cancer cells are also capable of inducing neoplastic transformation in the stromal cells of the host organ. This efferent pathway seems necessary and may serve as an early event in prostate cancer progression. In the afferent pathway, cancer cells respond to modified stromal cells in the surrounding microenvironment. Reac tive stroma exerts multiple effects on the behaviour of cancer cells. Reactive stromal cells release soluble factors, secrete solid matrix components, repress cell apoptosis, increase motility and invasion, and guide progression and distal spread. It has been reported that when prostate cancer cells were co-inoculated with embryo nic prostate fibroblasts in vivo, their malignant progression was inhibited [14] . In contrast, recombination of carcinoma-associated fibroblasts (CAF) or tumorigenic rat prostate mesenchymal cells with non-tumorigenic epithelial cells stimulated progression of tumorigenesis in vivo [15] [16] [17] . From these results, we can infer that in the efferent pathway stromal cells are activated by cancer tissue, whereas in the afferent pathway reactive stroma directs the carcinogenesis of prostate epithelia and cancer progression.
In a recent study, Hill et al. [18] proposed a selection theory, which predicts that in the mouse model of prostate cancer, inhibition of retinoblastoma gene function in tumour cells induces upregulation of p53 in stromal fibroblasts through a paracrine mechanism. This process creates a selective pressure that promotes the expansion of a subpopulation of fibroblasts that lack p53. These p53-null stromal fibroblasts contribute to tumour progression. The authors thus found evidence for the selection of a highly proliferative p53-null subpopulation of CAF, rather than induction of widespread p53 mutations in tumourassociated fibroblasts [18, 19] .
The stroma is usually genetically stable, but permanent genetic changes have been found in carcinoma-associated stromal cells. Transformed murine stromal cells with altered chromosomal constitutions were reported in human prostate cancer xenografts [20] . In microdissected human prostate stromal tissues genetic lesions on chromosome 8p have been detected, and a significant incidence (33%) of loss of heterozygosity (LOH) was found in carcinomaassociated stromal samples [21] . In recent studies, promoter methylation of glutathione S-transferase 1 (GSTP1) and retinoic acid receptor b2 (RARb2) was documented in four of five cancer-reactive stroma samples and adjacent normal areas [22, 23] . These observations of genetic changes in the stromal cells of the prostate cancer micro environment may advance our understanding of carcinogenesis and progression of prostate cancer.
AR-mediated transcriptional activity in normal stromal cells was enhanced by co-culture with epithelial cells or epithelial cell-conditioned media. However, AR-mediated transcriptional activity in prostate cancer stromal cells was consistently repressed upon co-culture with cancerous epithelial cells. Epithelial cells can upregulate ARmediated transcriptional activity by increasing recruitment of coactivators to the AR transcriptional complex on androgen-responsive genes, but in the prostate cancer npg stromal microenvironment this ability seems compromised [24] . Concurrent overexpression of AR in the malignant epithelia and loss of AR immunoreactivity in the surrounding stroma was associated with higher clinical stage, higher pre-treatment PSA level, and earlier and higher relapse rates after radical prostatectomy [25, 26] . These results suggest the need to further investigate the mechanistic basis for the loss of AR expression in the malignant stroma and its potential role in the progression of prostate cancer. In a related study, nuclear AR staining in epithelial and stromal cells initially decreased but reappeared some months after castration [27] . Local tumour relapse and conversion to an androgen-independent state are probably associated with reappearance of nuclear AR, not only in tumour epithelial cells but also in the tumour stroma.
ECM and cell adhesion molecule (CAM)
Interactions among ECM, CAM and other cellular components can promote the ability of cells to adhere, as well as cancer cell proliferation, survival, migration and metastasis. De-arrangement of ECM barriers is noticed at the invasion front of tumour cells [28, 29] . Most important enzymes related to ECM degradation are produced by stroma constituents, including myofibroblasts, inflammatory and endothelial cells. By binding to ECM proteins or immunoglobulin superfamily molecules, integrins play key roles in regulating tumour growth and metastasis as well as tumour angiogenesis. Moreover, integrins may have a more complex role in cancer metastasis as they cooperate with serine proteases and metalloproteases to promote tumour cell invasion, migration and extravasation [30, 31] .
Besides the loss of E-cadherin function in the epithelia, upregulation of N-cadherin and cadherin-11 in the stroma may serve important functions in prostate cancer progression [32] . N-cadherin is expressed in stromal cells, such as myofibroblasts, neurons, smooth muscle cells and endothelial cells, as well as in tumour cells. N-cadherin transduces the invasion signal across its extracellular, juxtamembrane and b-catenin-binding domains. These N-cadherin-dependent heterotypic contacts may promote matrix invasion, perineural invasion, muscular invasion and transendothelial migration [11] . Cadherin-11 is expressed in the stroma of all prostatic cancers and in the membrane of high-grade cancer cells. In a number of metastatic lesions, N-cadherin and cadherin-11 are homogeneously expressed [33] . Cadherin expression changes probably have significant impacts in prostate cancer metastasis.
Fibroblast activation protein-a (FAP) is a membranebound glycoprotein with serine protease activity. FAP is expressed neither by fibroblasts or other cell types in normal tissues, nor by cancer epithelial cells, but is overexpressed on the surface of reactive stromal fibroblasts in the stromal compartment of most human epithelial tumours. Thus, the proteolytic activity of FAP represents a potential novel pan-tumour therapeutic target [34] .
Soluble factors in carcinoma-associated stroma
Interactions between stroma and epithelia in the normal and malignant prostatic microenvironment invol ve a number of soluble factors and their receptors. Soluble factors act in paracrine fashion by binding to their respective receptors. Soluble factors can work in coordination with other signalling molecules, such as the ECM and integrins mentioned above, as well as other intracellular signalling factors, such as steroid hormones and their corresponding receptors. These synergistic interactions could trigger and facilitate carcinogenesis, aggressive local cancer growth and distal metastasis [35] .
Transforming growth factor β
The TGF-b family includes three isoforms [1] [2] [3] , which act through transmembrane type I and type II receptors (TbRI and TbRII). TGF-b proteins are involved in multiple processes, including regulation of cell proliferation, functional differentiation, ECM production, cell motility and apoptosis. TGF-b maintains homeostasis in benign prostatic epithelia by eliciting differentiation, inhibiting proliferation and inducing apoptosis. Conditional inactivation of the TbRII gene in mouse fibroblasts resulted in intraepithelial neoplasia in prostate tissue in asso cia tion with an increased number of stromal cells. Thus, TGF-b signalling in fibroblasts modulates the growth and oncogenic potential of adjacent epithelia [36] . TGF-b enhances carcinogenesis by inducing EMT or fibroblastmyofibroblast transdifferentiation, and also promotes local invasion and distal metastasis by stimulating angiogenesis, inhibiting immune surveillance or promoting the degradation of ECM. The signalling factors that mediate these activities include Smad, phosphatidylinositol 3-kinase (PI3K)/AKT and/or mitogen-activated protein kinase (MAPK) pathways [37, 38] .
TGF-b expression is enhanced in both stroma and epithe lia of prostate cancer, unlike in PIN or benign prostate hyperplasia (BPH). As the prostate cancer progresses, cancer cells become insensitive to the growth inhibition of TGF-b1 [38, 39] . Blocking TGF-b signalling by loss of TbRII promotes prostate cancer metastasis [40] . Prostate cancer cells can also become refractory to TGF-b1 due to transcriptional silencing of TbRII through promoter CpG methylation. This expression is restored after treatment with epigenetic silencing modifiers 5-aza-2′-deoxycytidine (5-aza) and trichostatin A, which in turn restores cellular sensitivity to TGF-b1 [41, 42] . Promoter CpG methylation may have extensive effects on the invasive and metastatic properties of prostate cancer. High expression of TGF-b1 npg and loss of TbRII are poor prognostic factors related to cancer progression.
Interactions between androgen and TGF-b1 have been observed in prostate stromal cells. TGF-b1 is a stimulator of stromal cell myodifferentiation and androgens regulate prostate stromal cells. During cellular differentiation, AR was transiently induced to translocate from the nucleus to the cytoplasm by TGF-b1, followed by a resumption of nuclear localization in myodifferentiated cells [43] . These data indicate that androgen and TGF-b1 crosstalk may cooperatively regulate myodifferentiation of stromal cells in the reactive stroma in prostate cancer. Recent investigation showed that 5α-dihydrotestosterone (DHT) can downregulate the expression of TbRII by a transcriptional mechanism [44] . In addition, inhibition of TGF-b signalling suppressed the progression of androgen-independent human prostate cancer in nude mice [45] . These results provide fresh insight into the mechanism of growth control by androgens and the progression of prostate cancer to androgen independence. TGF-b can also upregulate basic fibroblast growth factor (bFGF) messenger RNA (mRNA) and protein expressions by post-transcriptional mechanisms in cultured human prostate stromal cells [46] . TGF-b2 was reported to promote the survival of cancer cells and resistance to apopto sis by stimulating the activation of nuclear factor-kappaB (NF-kB) in PC3 cells [47] . These findings identi fy TGF-b2 as a potential therapeutic target that could inhibit the growth of tumour cells that depend on constitutively active NF-kB.
Prostate-derived factor (PDF) is another member of the TGF-b superfamily that is significantly upregulated in human prostate tumours. PDF was shown to promote AR-positive prostate tumour progression by upregulating cell proliferation via the ERK1/2 and p90RSK signalling pathways [48] .
Vascular endothelial growth factor (VEGF)
VEGF is required for blood vessel and lymphatic vessel formation. The function of VEGF in vessel formation is complemented by additional factors such as bFGF, TGF-b, PDGF and the angiopoietins. VEGF expression is confined to the stroma in BPH, but is found in both the stroma and epithelia of prostate cancer, where it plays a central role in tumour angiogenesis. DHT induced a twofold increase in VEGF mRNA and protein levels in human fetal fibroblasts [49] . VEGF is secreted by stromal cells in prostate cancer and bone marrow, and initiates paracrine activation of bone marrow endothelial cells, thereby supporting tumour neovascularization [50] . Increased expression of VEGF-C and VEGFR-3 is associated with prostate cancer progression and metastasis to regional lymph nodes [51] . Finasteride can decrease VEGF expression as well as microvessel density in specimens of benign prostatic hyperplasia. In prostate cancer, androgen deprivation has been shown to decrease VEGF expression and may be a mechanism of castration-mediated apoptosis [52] . VEGF was found to be a significant prognostic factor for diseasespecific survival in locally invasive prostate cancer after radiotherapy [53] .
Platelet-derived growth factor (PDGF) and receptor (PDGFR)
PDGF family proteins signal through transmembrane tyrosine kinase receptors and stimulate various cellu lar functions, including growth, proliferation and differentiation. Fibroblasts, neurons, endothelial cells and epi thelial cells all express PDGFs. PDGF can stimulate TGF-b release and promote myofibroblast differentiation. PDGF can also stimulate secretion of insulin-like growth factor (IGF-1), hepatocyte growth factor (HGF), FGF2 and endothelin-3. PDGF is a potent mitogen and a chemoattrac tant for mesenchymal cells [54] . PDGF signalling has been shown to contribute to EMT, regulate cancer cell invasion and angiogenesis. High levels of PDGF-D resulted in the significant induction of EMT in PC3 cells. Activation of the mammalian target of rapamycin and NF-κB, and Bcl-2 overexpression were observed in PDGF-Dtransfected PC3 cells, which were associated with en han ced adhesive and invasive behaviours [55] . In a rat prostate cancer model, stromal PDGF-Rb-targeted therapy enhanced castration effects, resulting in a decreased vascular density, increased tumour cell apoptosis and decreased tumour growth compared with castration therapy alone [56] .
Insulin-like growth factor-1 (IGF-1)
IGF-1 is synthesized mainly in prostatic stroma, whereas its receptor (IGF-1R) is expressed by epithelial cells. Stromally expressed c-Jun may promote prostatic epithelial proliferation through the paracrine action of IGF-1, which in turn promotes prostate epithelial prolife ration [57] . IGF-1 overexpression has been shown to drive neoplastic transformation of murine prostate epithelium, whereas the antisense RNA for IGF-1R inhibited prostate cancer proliferation and invasion. IGF-1 significantly increased the invasive capacity of DU145 cells in vitro; this increase was inhibited by blocking the IGF-1R. Specific inhibitors for the MAPK and PI3-K pathways also decreased IGF-1-mediated invasion [58] .
Many interactions between IGF signalling and AR have been detected in the context of prostate cancer. IGF-1 can stimulate androgen response genes in epithelial prostate cancer cells, and inhibition of IGF-1R signalling can result in cytoplasmic AR retention and significant changes in androgen-regulated gene expression [59, 60] . Prostate cancer epithelia are sensitive to the surrounding IGF-1 levels regardless of their androgen sensitivity status. npg Castration reduced stromal IGF-1 mRNA levels in normal tissues but not in carcinoma-associated stroma, because of the low AR expression. In prostate cancer epithelium, IGF-1 expression was also shown to be increased and androgen could induce synthesis of IGF-1. Reduction of IGF-1 mRNA levels in the tumour stroma and/or epithe lium was associated with epithelial apoptosis [61] . Gonadotropin-releasing hormone agonists can also exert significant inhibitory effects on the migratory and invasive behaviours of androgen-independent prostate cancer cells by interfering with the pro-metastatic activities of IGF-1 [62] . Activation of IGF-1R can block the apoptosis induced by TGF-b1 in prostatic epithelial cells, indicative of an interaction between IGF-1 and TGF-b1 [38] . Interactions among IGF-1, TGF-b1 and androgen may therefore provide prostate cancer cells with the microenvironment for invasion, metastasis and androgen-independent conversion in the absence of the androgen ligand.
HGF/scatter factor (SF) and c-met
HGF/SF activates its transmembrane tyrosine kinase receptor, c-met, in normal and prostate cancer epithelial cells through a paracrine mechanism. HGF/SF is expressed throughout the prostate stroma, which is consistent with a paracrine effect on the adjacent epithelium, where the c-met receptor is expressed. HGF/SF plays important roles in the regulation of cell growth, motility, morphogenesis and angiogenesis. The c-met was found to be expressed in approximately 50% of localized prostate cancers and in almost all prostate cancer metastatic lesions [63] . The aberrant expression of HGF/SF or c-met, was shown to regulate invasion and growth of carcinoma cells in a variety of tumors, including prostate cancer [64] . HGF can upregulate bone morphogenetic protein-7 (BMP-7) and BMP-7 receptor in the prostate cancer both in vitro and in vivo, particularly in bone metastasis, which can be completely blocked by the HGF antagonist NK4 [65] . Several approaches have been used to inhibit the HGF/SF and c-Met pathway, such as HGF/SF antagonists, monoclonal antibodies against HGF/SF or c-Met, agents that reduce expression of c-Met, c-Met kinase inhibitors, and inhibitors of c-Met induced signaling pathways [63, 66] .
Androgen signalling can repress the expression of c-met in prostate cancer cells by inhibiting Sp1-induced transcription in a ligand-dependent manner [64] . Both androgen withdrawal and AR-specific small interfering RNA can activate c-met expression, although expression of androgen-activated genes is repressed. Knockdown of both AR and c-met expression markedly inhibited cancer cell growth. These results indicate that activation of c-met signalling may contribute to androgenindependent progression in prostate cancer [67] . Membranelocalized nucleolin functions as a novel HGF receptor and appears to be upregulated during progression of androgenindependent prostate cancer. Antibodies against nucleolin can ameliorate the stimulatory effects of HGF on c-metnegative prostate cancer cells [68] . Therapeutic strategies that inhibit the activation of the HGF/c-Met or nucleolin pathways may thus be beneficial when combined with the current androgen ablation treatment.
Fibroblast growth factor (FGF)
The FGF family contains many members, including acidic FGF (FGF1), basic FGF (FGF2), FGF6, FGF8 and KGF/FGF7, which are expressed at increased levels by stromal cells in prostate cancer tissue and function as paracrine and/or autocrine soluble factors. FGF2, FGF8 and KGF/FGF7 were also found to interact with androgen or AR. All the four types of FGF receptors (FGFR1-4) are expressed in prostate cancer epithelia, although FGFR-1 and FGFR-4 are most closely associated with prostate cancer progression. FGF receptor signalling plays a role in prostate cancer progression by activating several signal transduction pathways, including phospholipase Cγ, PI3K/AKT and the MAPK pathway. Enhanced FGF receptor signalling can have myriad effects, including a promotion of proliferation, resistance to cell death, increased motility and invasiveness, increased angiogenesis, enhanced metastasis, resistance to chemotherapy and radiation, and progression to androgen independence. These data suggest that the FGF signalling pathway is an important potential therapeutic target in both tumour cells and cancer angiogenesis [69] .
Other soluble factors
Other soluble factors involved in stroma-epithelia cross talk in prostate cancer include epidermal growth factor (EGF), CXCL12/SDF-1 (stromal cell-derived factor-1), caveolin 1, hypoxia inducible factor and interleukin-6 (IL-6).
EGF is well known for its involvement in prostate cancer progression and works by binding receptors such as EGFR/ erbB1 and erbB2/Her-2. Stromal expression of EGF has been reported, especially in osteogenic stroma [70] . It has also been shown that in androgen-independent prostate cancer cells, many cell cycle-regulated genes are constitutively activated by EGF and androgen. Of those activated genes, 75% are co-regulated by androgen and EGF, which indicates that EGF can induce androgen-regulated genes even in the absence of androgen [71] . Interactions between EGFR and AR at the membrane level in AR-transfected PC3 and LNCaP cells have been shown: ectopic AR expression in PC3 cells conferred a less malignant phenotype by interfering with EGFR signalling through a mechanism involving an interaction between AR and EGFR. This interaction may also be important for invasion and metastasis of prostate cancer [72] .
Within the tumour microenvironment, mesenchymal or marrow-derived stromal cells constitutively secrete the npg chemokine CXCL12/SDF-1. CXCL12 acts by binding its cognate receptor CXCR4 on the membrane of cancer cells, which activates multiple signalling pathways such as PI3K/AKT, MAPK and NF-kB. CXCR4 expression is a poor prognostic marker in prostate cancer as CXCR4 protein expression is significantly elevated in localized and metastastic cancers. CXCR4 signalling promotes tumour progression and metastasis by several mechanisms. First, CXCL12 itself can promote survival and growth of cancer cells in a paracrine manner. Second, CXCL12 can promote tumour angiogenesis by attracting endothelial cells to the neoplastic microenvironment. When CXCR4-knockout cells were co-grafted with vascular endothelial cells into severe combined immunodeficiency mice, significantly fewer human blood vessels and parallel inhibition of the invasive behaviours of prostate cancer cells were observed [73] . Expression of CXCR4 in tumour cells is essential for distal metastasis to organs where CXCL12 is expressed, such as the bone marrow. Neutralizing antibodies targeted to CXCL12 or CXCR4 decreased the proliferation of bone metastatic lesions [74] . Finally, the CXCR4 pathway was shown to interact with TGF-b1 in the process of CAFinduced carcinogenesis [75] . Current observations suggest that CXCL12-CXCR4 pathway antagonists may be potential agents for the treatment of prostate cancer [76] .
IL-6 is involved in regulation of immune reaction, cell growth and differentiation. IL-6 is expressed mainly by prostate stromal cells, although both stroma and epithelium express the IL-6 receptor. Levels of both IL-6 and its receptor increase during the process of carcinogenesis in prostate tissue. Activation of the JAK/STAT (Janus kinase/ signal transducer and activator of transcription), MAPK and PI3K/AKT signalling pathways has been reported in various prostate cancer cell lines in response to IL-6 [77] . IL-6 promotes growth of most prostate cancer cells, with the exception of the LNCaP cell line, in which IL-6 causes growth arrest and induces cell differentiation. However, a recent study showed that short-term treatment of IL-6 inhibited LNCaP cell growth by a paracrine mechanism associated with neuroendocrine differentiation, whereas long-term IL-6 treatment promoted LNCaP cell growth by an autocrine mechanism accompanied by activation of AR signalling [78] . The transition of IL-6 from a paracrine growth inhibitor to an autocrine growth stimulator, as well as its ability to activate AR in the absence of androgen suggest a role for IL-6 during prostate cancer progression and possibly androgen-independent progression. IL-6 is also involved in regulation of VEGF expression as well as neuroendocrine differentiation in prostate tissue. Studies using an IL-6 antibody have reported induction of apoptosis, inhibition of tumour proliferation and elimination of the progression to androgen-independent status in a prostate cancer xenograft model [79] .
Conclusions
In this review, we emphasise the importance of crosstalk between stroma and epithelia in carcinogenesis and progression of prostate cancer. Reactive stroma is induced after epithelial changes. In human prostate cancer, reactive stroma is characterized by increase of myofibroblasts, and corresponding amplification of ECM and angiogenesis. The stromal cells in cancer tissue subsequently influence epithelial transformation by producing a variety of paracrine factors that affect normal epithelia, carcinoma cells and the stromal cells. In addition, recent studies have shown that permanent genetic mutations arising in stromal cells can precede tumour development. TGF-b, VEGF, PDGF and FGF signalling were shown to be invol ved in the process of angiogenesis, whereas HGF, IGF-1, EGF, CXC12 and IL-6 play active roles in cancer progression, androgen-independent conversion and distal metastasis. Furthermore, several of these soluble factors have reciprocal regulatory relationships with androgen and AR, and some can even activate AR in the absence of the androgen ligand. Integrin and N-cadherin also play active roles in this process. Further study is required to fully understand the complex interactions between cancer cells and the tumour microenvironment. Targeted therapy to the stromal compartment as well as to the epithelia is expected to be clinically promising, and further elucidation of the molecular mechanisms underlying tumour-stroma interactions may yield novel therapeutic targets for prostate cancer, especially for androgen-independent and metastatic diseases.
